Aim: To assess morphological alterations of ProTaper rotary NiTi files before and after continuous use by scanning electron microscopy (SEM). Study Design: 30 root canals were chosen with an angle between 15 and 30º. Before starting to prepare the canals the files were observed microscopically using a scanning electronic microscope. The ProTaper sequence recommended by the manufacturer was used, with NaOCl as irrigant. The instruments were sterilised after every three canals were shaped. The instruments were observed with the same microscope after shaping each canal, until 30 root canals were shaped. The criteria used for checking the instruments were: blunt cutting edges, disruption of cutting edge, microfractures, fatigue cracks, metal flash, dentine remains. Results: Many microscopic defects were found such as: cutting edge breaks (up to 70%); fatigue cracks, between 33 and 100%. No microfractures were found. An S1 and an SX file were fractured. Conclusion: ProTaper instruments are quite reliable if used following usual requirements.
Introduction
Nickel-Titanium NiTi endodontic instruments have made possible an enhanced quality of canal preparation and a reduction of working time (1, 2) . The first study (3) about NiTi instruments showed that these files had two or three times more elastic flexibility and greater clockwise and anti-clockwise torsion fracture resistance than stainless steel files. The manufacture of NiTi instruments is much more difficult than the manufacture of stainless steel instruments because NiTi alloy is superelastic and cannot maintain the spirals because the alloy does not distort permanently. There are also many production difficulties, including the elimination of surface irregularities and metal flash on the cutting edges which can compromise the instruments cutting ability and would probably cause corrosion. New instruments present many imperfections, it is impossible to manufacture rotary instruments free of them (4) . Although NiTi rotary files reduce the number of clinical mishaps, their use also implies an increased, but unpredictable incidence of file breakage. The fracture can occur with no preliminary visible defects so that the macroscopic inspection of these instruments is not a reliable method. The NiTi rotary file can be used between up to 10 (5) times, even though other authors (6) are unable to establish a number of uses. The purpose of this study was to assess morphological alterations of ProTaper rotary NiTi files before and after continuous use by scanning electron microscopy (SEM).
Materials and Methods
For this study, 20 maxillary and mandibular molars which had been extracted for periodontal reasons were selected. Buccal-lingual and mesio-distal radiographs were obtained for all the teeth. 30 canals were chosen: mesial in the mandibular molars and mesial and distal in the maxillary molars. The canals were narrow with a single not very pronounced curve (angle between 15 and 30º and a 4 to 5 mm radius). The radius and the angle of the curve were determined using Pruett´s technique (7) . Teeth were kept in a 0.1% thymol solution. The instruments used were ProTaper (Dentsply/Maillefer, Ballagigues, Switzerland) drived by an X-Smart motor (Dentsply/Maillefer, Ballagigues, Switzerland) at 250 rpm. Canals were prepared by one experienced operator. Before starting to prepare the canals, all the files were metalized with gold-palladium dust and were observed with a scanning electron microscope (S-2500, Hitachi, Ltd., Tokyo, Japan). All the files were photographed at different magnifications at 20 kV and 180, 270 and 360º from lateral perspectives. Before the canals were prepared, the layer of gold was taken off from surface of the instruments using gauze and 40% alcohol and then they were cleaned in an ultrasound bath. In all the teeth the pulp chamber was opened with a round drill, canals were irrigated with 1% sodium hypochlorite (NaOCl) and negotiated with a 10 K file (Dentsply/Maillefer, Ballagigues, Switzerland). The working length was recorded 1mm less when the file tip just emerged through the canal apical foramen. The work length was achieved with a 15 K file. The ProTaper sequence used, with the crown-down technique, was: crown preparation, S1, SX file until resistance is met, exiting from the canal with brush working motion; preparation of the middle third: S1 and S2 files until the working length with brush working motion; apex preparation: F1, F2 and F3 with continuous movement, only once, to the working length. There was abundant irrigation with NaOCl during preparation (after using each file). After use on three canals the instruments were cleaned first in an ultrasonic bath (Ultrasonic Cleaning Sysytem 2014 -L&R Manufacturing Company, New Jersey, USA-, with Biosonic -Coltène-Waledent-, Cuyahoga FalK, USA-for 5 minuts) and then were sterilised in an autoclave at 134º for 60 min Miniclave 21ED (Matachana, Barcelona-Spain-). This procedure continued until 30 canals were prepared. Fractured files were replaced by others which were previously examined under the same microscope. After using the ProTaper sequence in one canal, the instruments were dried, observed macroscopically with 2x magnification and then metalized with gold-palladium dust and observed microscopically. Each of the instruments was photographed in the same position to see the wear and tear and compare its aspect with new instruments. This procedure was repeated with each instrument until 30 canals had been prepared with each instrument. The criteria used for checking the instruments were: visible defects, microscopic defects like: blunt cutting edges, disruption of the cutting edge, microfractures, fatigue cracks, metal flash, complete fractures, manufacturing defects, pitting and dentine smear debris. Percentage of disruptions and cracks were calculated.
Results
The initial observations of the new instruments are summarised in table 1. Although no macroscopic defects were found, many microscopic defects were observed after using ProTaper instruments (Fig. 1 ), such as: cutting edge disruptions from 0 to 70% or fatigue cracks between 33 and 100% ( Table 2) . No microfractures in the instruments were found in this study. All surface cracks found were prolongations of fatigue cracks. Metal remains were found on all instruments and they were on the cutting edges of the files. Nicks on the cutting edges were observed in all the instruments before and after use. In this study only 2 of the 8 instruments used were fractured, that is 25% of the instruments or 6.7% of the prepared canals. An S1 and an SX file were fractured. The S1 instrument fractured ( Fig. 2) with no prior visible distortion on the sixth canal (6th use) and the SX instrument also fractured with no prior visible distortion on the 20th canal (20th use). Dentine smear debris were found on all the instruments after use (Fig. 3) . Furthermore, dentine smear debris were found even after the instruments had been in an ultrasound bath and sterilised in autoclave. Embedded dentin chips were found in fatigue cracks. Pitting was found in F2, SX, S2. SX (1) Foot note: (1) and (2): different SX and S1 files used. e661
Discussion
Other authors have described alterations in endodontic instruments: LightSpeed instruments were studied (4) before and after use in an indeterminate number of canals; Quantec instruments (8) were studied after they had been used an unspecified number of times (9) . In our study, the instruments were examined before and after working with them on each canal. Thus, it has been possible to see when alterations start to appear on the files and what type of changes are found after each use. This study used the same SEM magnifications used by other authors (3). The same speed was used for all the instruments and all the teeth were prepared by the same operator. The instruments were cleaned with 40º alcohol because it does not alter the composition of NiTi instruments (4,6). As reported by Eggert et al. (4) , this study also found alterations in all the new instruments. Other authors, also found defects in new instruments; the most frequently found alterations were metal strips and blunt cutting edges; after one use, the instruments showed alterations such as fatigue cracks (6). In our study this alteration was only found in S1.
No macroscopic defects were found as in GT files (10) in contrast to other studies (6) where two visible distortions appeared using Profile rotary system, or where only one instrument out of 121 ProTaper instruments was found (11) ; and the one by Ounsi et al. (12) , who described three instruments with macroscopic deformations in 80 ProTaper original system sets. Sattapan et al. (9) found that 50% of instruments showed visible defects but this study provides no information on the number of canals on which the files were used. Other recent study (5) also reports visible defects in Mtwo rotary instruments. This may be due to methodology because the above studies were clinical, although some authors (4) found no visible defects in a clinical study.
Rapisarda et al. (13) observed fatigue crack after the files had worked for 60 seconds on the canal, Peng et al. (11) and Wei et al. (14) found wear and tear fissures in ProTaper instruments. In our work we detected fatigue cracks in all the instruments observed. S1(1) instrument presented fatigue crack after the first use, although the other instruments showed the same imperfection after 2 until 6 uses. Any instrument analyzed in our work presented microfractures (fractures of the surface of the instrument not of the cutting edges), fact that contradict the findings by other authors as Eggert et al. (4) , that found some microfractures in Lightspeed instruments or Rapisarda et al. (13) , who found microfractures on all instruments after 60 s. of work, but in this last case shaping was done in endodontic training models and the speed used was 340 rpm. Viera et al. (15) found transversal microcracks on ProTaper instrument cutting edges after using them on 5 or 8 molars, probably associated to the forces the instruments are subject to at the curved part of the canals that are similar of fatigue cracks founds in this study.
Metal flash were present on all files, and were also found by Eggert et al. (4), who reported 0% to 18.8% in used instruments, in this last case the decreasing percentage is explained by the wear on the files after working on the canals. Wei et al. (14) found metal flash on ProTaper instruments. The present study found an increase in metal flash on new and used instruments. Blunt cutting edges were also observed in this present study on all new and used files, as reported by Eggert et al. (4) , who also found them on new and used instruments. After a full clean with ultrasound bath and a sterilisation technique, on all ProTaper files, dentine remnants were found on the cutting edges, they were also found trapped in fatigue cracks as described by other authors (11) . Sterilization of previously used files is not 100% Foot note: (1) and (2): different SX and S1 files used.
effective (16) , so the presence of micro defects on the files surface could improve debris retention and a probable increase of the cross infection risk.
The sterilization process and material fatigue due to the repeated usage are two important factors affecting files microstructure. Sterilization with dry heat (11 cycles) is able to produce a significant increment of the superficial roughness in nickel-titanium instruments, leading to an improve of the debris retention capability (17) . Other authors have shown that wet heat (with 10 cycles as in our study), produced nanostructural superficial changes in nickel-titanium endodontic files (18) . In our work only two instruments experiment fracture. The S1 file after preparing 6 canals and the SX file after 22. The number of separated files was 25% according to the number of files used (7% according to the canals prepared). All the instruments that experiment fracture showed a sharp break without any accompanying visible defects. In the S1 file the SEM photomicrographs showed that fatigue cracks in this file were present after the first use. The fractures found in this present work were due to fatigue, this type of fracture in ProTaper ins-truments has also been described by SpanakiVoreadi et al. (19) , Peng et al. (11) and Wei et al. (14) , although the latter also found torsion fractures. Peng et al. (11) reported a similar fracture percentage (24.6%) to the one observed here in S1 files. In the present study, the percentage of separated files is 25% as there were only 8 used files because the study aimed was to check wear on files after use, but the S2, F1, F2, and F3 files prepared 30 canals without fracturing. Fife et al. (20) did not separate any ProTaper instruments but they were used only on 4 molars; only 3 instruments, S1 and 4S2 were distorted in contrast to the F1, F2 and F3 instruments. The authors explain this by the fact that the S files wide and shape the canal so the clinical behaviour of F instruments is more foreseeable and constant. Different types of defects are found on ProTaper files, from small imperfections to blunt and even disruption on the cutting edges. Fatigue cracks were found on all instruments, which suggest that the nature of these imperfections is through flexural fatigue in most cases and due to torsion in a minority of cases. We can affirm that using low magnification is impossible to observe defects in ProTaper rotary NiTi files. The lowest magnification used in this study that allow us to observe an imperfection was 50X in en F3 file after shaping six root canals.
Conclusion
Under the study conditions, it can be concluded that ProTaper instruments may be used more than once, despite the number of alterations to the files. It seems that even the smallest instrument can be used multiple times without fear of fracture.
